Abstract -The minimal relativistic model of gravitation on the basis of the gauge-invariant theory of the linear scalar massless field is suggested. The principle of the multiplicative inclusion of gravitational interaction, the requirements being that the simplicity and invariance of the theory under the allowed (gauge) transformation of potential Φ Φ ' = Φ + const as the basis of the approach, is used. A system of gauge-invariant gravitational field and matter equations is obtained and an energy-momentum tensor with a positively defined density of the field energy is constructed. The exact solutions to equations for the central static field and for fields of spherically symmetric and plane gravitational waves in the free space and in the material media are obtained.
INTRODUCTION
The Newton gravitational statics must be reproduced within the limit of small velocities and a weak field by relativistic gravitational theory, which, in essence, is its dynamic generalization. With an objective deficit of direct experimental evidence, such a generalization should be reasonably sufficient when combined with the necessary general physical principles. This restriction, however, is ignored in most existing diverse relativistic models of gravitation. As a result, the most familiar of them (vector theories [1] [2] [3] [4] and theories with tensor potential [5] [6] [7] [8] and their more complicated modifications [9, 10] ) significantly increase the number of field degrees of freedom when compared to Newton theory, and they operate experimentally unclaimed observables. Even in the simplified "Maxwellized" gravitational model with 4-vector potential Φ µ , the force action of a field on moving particles (except for vector g , corresponding to free fall acceleration) is additionally defined by an axial t -odd vector 1 : all six of their components are grouped together in the antisymmetric second-range 4-tensor g µν = -. In tensor models, three components of g are arranged into the third-range 4-tensor
, which is comprised of 20 quantities; this is the number of independent nonzero components of g µνρ with the constraint Φ µν = Φ νµ .
At the same time, the predicted effects, which may be due to the field force characteristics supplementary to g , are negligibly weak and obviously resistant to experimental verification. Thus, the substantial extension of the physical content of the theory through 1 Co-gravitation in [4] .
dynamic generalizations of the Newton gravitational statics proves to be, strictly speaking, speculative. It is pertinent to note here that such generalizations with doubtfully ample reserves are not infallible in other respects as well. None of the above-mentioned theories offers, for one example, a positive definiteness in the gravitational field energy density (see [2] [3] [4] 11] ). As a kind of completion, the logic of development of the tensor model with the idea of geometrization as its basis [7] , which is complicated enough as it is, led to the necessity of making the theory from the outset far more intricate, allowing the rest mass for the graviton (and for the photon!) [8].
Nevertheless, it is possible to derive a gravitation theory in which there are no problems with conservation laws and where the content beyond the experimental check is minimal. This possibility was already shown in the first experiments of the relativistic generalization of the Newton gravitational statics carried out by Nordstroem in [12] and in [13, 14] in the spirit of classical field theory. In these works, the threedimensional vector g ( r ) is completed to 4-vector g µ ( x ) = -∂ µ Φ ( x ), with the potential Φ ( x ) endowed with the transformation properties of a scalar field in a flat space of events. In the refined version of the theory [13, 14] , a scalar quantity (the trace of energy-momentum of gravitating system) was taken as the density of gravitational charge. However, because such an invariant is identically equal to zero in the electromagnetic field, it turned out to be impossible to include gravitation interaction in electrodynamics using Nordstroem's scheme. For this reason, against the background of the successful progress of general relativity, this model of gravitational field has lost its urgency.
In the context of present-day field ideology, the Nordstroem theory has another fundamental drawback: it does not meet the requirement of gauge invariance, because its field equations include potential irremovably. This situation is impermissible because the potential is not observable and is defined ambiguously in terms of the observables of field (its force characteristics).
Efforts to solve cosmological problems that began in recent years (the anomaly of "Pioneers" and the dark matter problem) remind us that attempts to construct a nonmetric theory of gravitation were motivated in the past by the particular place of the gravitation field in GR as opposed to other fields, the complexity of the mathematical apparatus of this theory, the absence of fundamental conservation laws, as well as by its inconsistency with quantum theory. Since the scalar approach did not result in a self-consistent theory either in Nordstroem's works nor in more recent generalizations of other authors [6, [15] [16] [17] [18] , efforts to develop the field concept of gravity focused mainly on constructing gravitation models with tensor potential. However, the fact went unnoticed that, out of all the many relativistic gravitation versions with scalar potential [19] allowed by the conformity principle, there may be only one theoretical model that is a gauge-invariant theory of linear scalar massless field.
This article is dedicated to the development of such a classical model in the context of limitations dictated by the standard field-theoretical concept, which includes the conformity principle, simplicity conditions, the principles of relativistic and gauge invariance, the variational principle, and the availability of clearly formulated laws of conservation at a positive definite energy density.
PARTICLE IN GRAVITATIONAL FIELD
One small peculiarity of the Lagrangian formalism is well known: the equations of motion of any physical system do not change in the transformation scaling of its Lagrangian [20, 21] . Such a transformation for later use is conveniently written as
with constant U not equal to zero. Like with phase transformations of fields in quantum theory, relation (1) may be considered a peculiar global gauge transformation of the Lagrangian.
Following the principle of local gauge invariance, one can change to the local scale transformation of the Lagrangian , making U dependent on four-dimensional coordinates x = ( x µ ). This change will mean that the system described by the Lagrangian ᏸ includes the interaction with scalar field U ( x ). The universality of this interaction with all kinds of matter, as allowed by the multiplicative connection of the field U ( x ) to the Lagrangian of any system, gives grounds to treat U ( x ) as a potential function of the gravitation field.
Applying the local scale transformation (1) to the Lagrangian function of a free relativistic particle, we write (2) The equation of the motion following from an analogous Lagrangian was arrived at in [22] . Together with 
GAUGE INVARIANCE
During the integration of the equations of motion, unwanted complications arise because the mass ᏹ in (3) depends on the field potential. This difficulty may be easily overcome if the potential, being reduced together with U 2 , is excluded from (3) after previous simple transformations. So, we arrive at the equation (7) which contains only observables (the dynamic 4-momentum of particle p µ = mu µ and the field strength g µ ).
Going over to three-dimensional notations 
), =
